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The longitudinal target-spin asymmetry AUL for the exclusive electroproduction of high energy
photons was measured for the first time in e~p → e′pγ. The data have been accumulated at JLab
with the CLAS spectrometer using 5.7 GeV electrons and a longitudinally polarized NH3 target. A
significant azimuthal angular dependence was observed, resulting from the interference of the Deeply
Virtual Compton Scattering and Bethe-Heitler processes. The amplitude of the sinφ moment is
0.252 ± 0.042stat ± 0.020sys. Theoretical calculations are in good agreement with the magnitude
and the kinematic dependence of the target-spin asymmetry, which is sensitive to the Generalized
Parton Distributions H˜ and H .
PACS numbers: 13.60.Fz,13.60.Hb,13.60.-r,14.20.Dh
Generalized parton distributions (GPDs) have in re-
cent years been recognized as a versatile tool to investi-
gate and describe the structure of hadrons at the quark-
gluon level. They are closely related to conventional
parton distributions and also to hadronic form factors,
and contain information that cannot be accessed by ei-
ther of these quantities. Important aspects where GPDs
can provide new insight are the spatial distributions of
quarks and gluons within the nucleon and the contribu-
tion of quark orbital angular momentum to the nucleon
spin. GPDs contain the information needed to construct
a multi-dimensional image of the internal structure of
the nucleon. The role of GPDs in hard exclusive reac-
tions and their relation to the nucleon’s spatial structure
and orbital angular momentum are discussed in detail in
Refs. [1, 2, 3, 4, 5, 6, 7, 8].
At high photon virtuality Q2 and high energy transfer
ν (Bjorken scaling regime), the scattering amplitude for
exclusive processes can be factorized into a hard scatter-
ing part (exactly calculable in perturbative QCD), and
a nucleon structure part parameterized via GPDs. This
process, called the “handbag approximation”, is depicted
in Fig. 1(a) for the case of high-energy photon produc-
tion. In addition to the dependence on the parton mo-
mentum fraction x, GPDs depend on two more param-
eters, the fractional longitudinal momentum transfer ξ
to the quark [15], and the momentum transfer t to the
baryonic system.
One of the cleanest processes to access GPDs is Deeply
Virtual Compton Scattering (DVCS) in which one quark
of the nucleon absorbs a virtual photon producing a real
photon with the nucleon left intact. DVCS is most suit-
able for studying GPDs at moderate energies and in the
valence quark regime. At low beam energies, the cross
section for DVCS is small and masked by the more copi-
ous production of photons from the Bethe-Heitler (BH)
process. However, DVCS contributions can be measured
directly through the interference of DVCS and BH am-
plitudes, which result in helicity-dependent cross section
differences or asymmetries. The beam spin asymmetry
and the target-spin asymmetry can be measured using a
polarized electron beam or a polarized target. The two
asymmetries are sensitive to different combinations of
GPDs and thus provide complementary information [10].
First experimental results on the beam spin asymmetry
ALU with longitudinally polarized beam (L) and unpo-
larized target (U) resulting from the DVCS-BH inter-
ference have been reported by both the CLAS [11] and
HERMES [12] collaborations.
In this letter we present the first measurement of ex-
clusive DVCS in the target-spin asymmetry measured in
the reaction e~p → e′pγ. The target-spin asymmetry for
3(b)(a)
FIG. 1: Feynman diagrams for DVCS (a) and Bethe-Heitler
processes (b) contributing to the amplitude of ep→ epγ scat-
tering.
unpolarized beam and longitudinally polarized target is
defined as
AUL(φ) =
dσ⇑(φ) − dσ⇓(φ)
dσ⇑(φ) + dσ⇓(φ)
(1)
where ⇑ (⇓) represents the target polarization antipar-
allel (parallel) to the beam direction, and φ is the angle
between the electron scattering plane and the produc-
tion plane [9]. The experiment measures the DVCS con-
tribution through its interference with the Bethe-Heitler
(BH) process. In contrast to DVCS, where the photon
is emitted from the nucleon, BH photons are emitted
from the incoming or scattered electron (Fig. 1). While
the BH cross section in most of the kinematic region
is much larger than the DVCS cross section, the inter-
ference of the two contributions enhances the effect of
DVCS and produces large cross section asymmetries for
the target helicity aligned parallel or antiparallel with
the electron beam. In the cross section difference, the
helicity-independent BH contribution drops out and only
the helicity-dependent interference term remains.
The asymmetry AUL in leading order can be expressed
in terms of GPDs [10]:
AUL(φ) ∝ {ξ(F1 + F2)(H+
ξ
1 + ξ
E)
+F1H˜− ξ(
ξ
1 + ξ
F1 +
t
4M2
F2)E˜} sinφ, (2)
where H˜, H, E˜, and E are sums over quark flavor of
the corresponding GPDs with argument x = ±ξ [10], F1
and F2 are the known Dirac and Pauli form factors of the
proton, andM is the rest mass of the proton. In the range
of this experiment the asymmetry is dominated by both
H and H˜, while E˜ and E are kinematically suppressed.
The effect of the φ-dependence of the denominator on the
value of the sinφ moment extracted from the asymmetry
was found negligible.
The data were taken from September 2000 to April
2001 using the CEBAF Large Acceptance Spectrome-
ter (CLAS) [13]. CLAS is a multi-gap magnetic spec-
trometer equipped with drift chambers for track re-
construction, scintillator counters for time-of-flight mea-
surements, electromagnetic calorimeters (EC) to identify
    
2)2        (GeV/c2XM
-0.4 -0.2 0 0.2 0.4
Ev
en
ts
   
   
   
   
   
 
0
500
1000
1500
2000
2500
a)
    
2)2        (GeV/c2XM
-0.2 0 0.2 0.4
0
50
100
150
200
250
b)
FIG. 2: Missing mass squared distribution of the system (ep)
for reaction e~p → e′pγ. Panels (a) and (b) show the M2X
spectrum before and after the cut θγX < 2
o. The 12C data
(stars) are normalized to the 15NH3 data (solid line) using the
negative tail of the M2X . The two dashed lines show the final
cut on M2X to select single photon production.
electrons and photons, and Cherenkov counters (CC) for
electron identification. The polar angle coverage of EC
is from 8o to 40o. Electrons at 5.7 GeV energy were
incident on a longitudinally polarized 15NH3 target. In
this analysis, the asymmetry was averaged over the two
beam helicities. The target [14] polarization was moni-
tored online with a Nuclear Magnetic Resonance (NMR)
system, and ranged from 60% to 80%. Unpolarized 4He
and 12C targets were used to study the dilution due to
the unpolarized material present in the polarized target.
The exclusive process epγ was determined by detecting
all particles in the final state. Events were selected with
the requirements that exactly one positive, one negative,
and one neutral track were found for a given trigger, and
the particle identifications for these tracks corresponded
to an electron, a proton and a photon, respectively. Deep
inelastic kinematics was defined by selecting events with
Q2 > 1GeV2/c2, W > 2GeV/c2, and −t < 0.6GeV2/c2,
where W represents the photon-proton invariant mass.
For the 15NH3 target, most of the events are from re-
actions on 15N (see Fig. 2). There is also a large back-
ground from e~p → e′pπ0 events where only one photon
from the π0 decay was detected. These backgrounds were
suppressed by requiring that the detected photon in the
over-constrained e~p→ e′pγ reaction was within 2 degrees
of the photon angle predicted from the observed scattered
e′ and p (see Fig. 2). The angle cut θγX was defined based
on Monte Carlo (MC) study. For further analysis events
were selected within the missing mass ~p(e, e′p)X range
−0.12 (GeV/c2)2 < M2X < 0.12 (GeV/c
2)2.
Fig. 3(a) shows the azimuthal dependence of AUL,
4which is defined as
AUL(φ) =
N⇑(φ)−N⇓(φ)
f(P⇓t N
⇑(φ) + P⇑t N
⇓(φ))
, (3)
where N⇑ and N⇓ are the luminosity-normalized and
acceptance-corrected numbers of e~p → e′pγ events at
positive and negative target helicity respectively, P⇑t and
P⇓t are absolute values of the corresponding target po-
larizations, and f = 0.901 ± 0.035 is the dilution factor,
which is defined as the ratio of the number of events from
hydrogen and from NH3.
The above photon event sample remains contaminated
by photons from π0 decays that were not removed by the
angle cut. In order to correct for this contamination, we
analyzed π0 events in the same kinematic range as the
single γ events. Events were selected requiring one elec-
tron, one proton, and two detected photons. In Fig. 4(a),
a clear band around Mγγ = 0.135 GeV/c
2 shows π0
events. Most of these events are from nuclear protons,
for which the squared missing mass M2X is much differ-
ent from the nominal M2pi0 = 0.018 (GeV/c
2)2. Using a
similar technique as was used in the DVCS-BH event se-
lection, we placed a cut on the difference of the measured
and the predicted π0 angles of θpi0X < 2.5
o, where the π0
angle was reconstructed from measured photons, while
the angle of X is predicted using 4-momentum conserva-
tion for e~p→ e′pX assuming free proton kinematics. The
remaining γγ events in Fig. 4(b) cluster around M2X =
0.018 (GeV/c2)2, showing that the events from nuclear
protons are largely suppressed. The π0 events were
selected with cuts 0.05GeV/c < Mγγ < 0.18GeV/c
and −0.1 (GeV/c2)2 < M2X < 0.14 (GeV/c
2)2. For
the identified π0 events, the dilution factor was f =
0.782 ± 0.036.
Fig. 3(b) shows the azimuthal dependence of Api
0
UL,
which was used to correct the DVCS asymmetry for
π0 contamination. We note that the asymmetry for π0
production has a dominant sin 2φ dependence while the
asymmetry for photon production has a dominant sinφ
dependence even before π0 contributions are fully re-
moved from the single photon sample.
To estimate the remaining π0 contamination in the sin-
gle γ events, a MC study was performed. DVCS-BH and
π0 events were generated and passed through GSIM, the
GEANT-based simulation software package of the CLAS
spectrometer. The output of GSIM was processed using
the same procedure as was used for the data. The MC
π0 spectrum was normalized to the number of π0 events
observed in the data. Following the same procedure as
was used in the selection of DVCS-BH events, π0 events
with only one photon detected were selected to simulate
the background from π0. The φ dependence of the π0
fraction (Fpi0) is shown in Table I.
Finally, the fully corrected target-spin asymmetry for
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FIG. 3: Azimuthal angle φ dependence of the measured
target-spin asymmetry for photons (a) and π0 (b). The solid
curves represent the fitted function α sinφ+β sin 2φ with pa-
rameters α = 0.240 ± 0.042 and β = −0.087 ± 0.045 (a), and
α = 0.109 ± 0.056 and β = −0.319 ± 0.061 (b). In (a), the
photon events are still contaminated by π0 events.
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FIG. 4: The invariant mass of two detected photons vs missing
mass squared of the system (ep) for reaction e~p → e′pγγ
before (a) and after (b) the cut θpi0X < 2.5
o. Due to the Fermi
motion of the protons in 15N, M2X for events from nuclear
protons is shifted away from 0.018 (GeV/c2)2. In (b), the four
dashed lines show the final cuts onMγγ and M
2
X respectively.
single γ production was determined using equation:
AexpUL (φ) = Fγ(φ)AUL(φ) + Fpi0(φ)A
pi0
UL(φ), (4)
where AexpUL is the experimentally measured asymmetry
with the π0 background as shown in Fig. 3(a), Api
0
UL is
the target-spin asymmetry for π0 as shown in Fig. 3(b),
and Fγ = 1− Fpi0 is the fraction of DVCS-BH.
The azimuthal dependence of the final asymmetry AUL
is shown in Fig. 5 at < Q2 >= 1.82GeV2/c2, < −t >=
0.31GeV2/c2, and < ξ >= 0.16. The φ-dependence was
fitted with the function α sinφ + β sin 2φ (solid curve)
with parameters α = 0.252 ± 0.042stat ± 0.020sys, and
5TABLE I: The π0 fraction and statistical uncertainties in ob-
served single photon events
φ (degree) Fpi0 ±∆Fpi0 φ (degree) Fpi0 ±∆Fpi0
0− 36 0.106 ± 0.010 180− 216 0.373 ± 0.022
36− 72 0.117 ± 0.009 216− 252 0.313 ± 0.019
72− 108 0.242 ± 0.018 252− 288 0.216 ± 0.015
108 − 144 0.324 ± 0.021 288− 324 0.103 ± 0.008
144 − 180 0.414 ± 0.023 324− 360 0.101 ± 0.007
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FIG. 5: The azimuthal angle φ dependence of the target-spin
asymmetry for exclusive electroproduction of photons after
subtraction of the π0 background. The dashed curve is the
full model prediction using the ξ-dependent GPD parameter-
ization [15] (bval=bsea=1, and E=E˜=0) based on MRST02
unpolarized PDFs [16] and polarized PDFs [17] for the twist-2
terms, and higher twists included in those terms. The dotted
curve shows the asymmetry when H˜=0. The solid curve is
described in the text.
β = −0.022±0.045stat±0.021sys. The AUL is dominated
by the sinφ term while the sin 2φ term is compatible with
zero within the error bars, indicating that higher twists
do not contribute significantly in our kinematical range.
To obtain information on the kinematic dependence of
the sinφ-moment of AUL (A
sinφ
UL ) [9], the data were di-
vided into 3 bins in ξ and −t, respectively. The leading
term AsinφUL was extracted for each bin. The results are
shown in Fig. 6, where the asymmetry was integrated
over the other kinematic variables. A clear ξ-dependence
of AsinφUL is seen, with asymmetries increasing with ξ. The
theoretical calculations shown in Fig. 5 and Fig. 6 have
been obtained by including target mass corrections. Un-
like Deep Inelastic Scattering (DIS), a full calculation of
such corrections is still an open problem for DVCS. We
have however included the kinematical higher twist ef-
fects in the twist-2 amplitude. In the presence of those
effects the GPDs entering in the asymmetry Eq.( 2) are
proportional to GPDs at (ξ′, ξ, t), where the difference
between ξ′ and ξ include terms proportional to M2/Q2
and −t/Q2 as shown in Ref. [15]. As can be noticed on
Fig. 5 and Fig. 6, the thus obtained theoretical calcula-
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FIG. 6: The left panel shows the −t dependence of the sinφ-
moment of AUL for exclusive electroproduction of photons,
while the right shows the ξ dependence. Curves as in Fig. 5.
tion agrees within experimental uncertainties well with
the measurement.
In Fig. 5 and Fig. 6, the error bars are statistical,
and the systematic uncertainty is shown as a band at
the bottom. The sources of systematic uncertainties are
identified as the dilution factor calculation (∼ 4%), es-
timation of target polarization (∼ 7%), 15N polarization
(∼ 0.5%) [18], radiative corrections (< 0.1%) [19], eval-
uation of the π0-decay background from MC simulations
(< 2.5%), and the angle cut (< 5%).
Combined with the data expected from precision mea-
surements of the beam spin asymmetry which is dom-
inated by GPD H [20], these results will allow us to
constrain different GPDs. The target-spin asymmetry
in DVCS is also under study at HERMES [21].
In summary, we have presented the target-spin asym-
metry for exclusive electroproduction of photons. A sig-
nificant sinφ moment of the target-spin asymmetry is
observed and is consistent with predictions based on the
GPD formalism. The measured asymmetry is consis-
tent with predictions of a large contribution from GPD
H˜ . Kinematic dependences of the target-spin asymmetry
have also been studied. The leading term AsinφUL increases
with increasing ξ, in agreement with the model predic-
tion.
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